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Quan%fying	
  the	
  Spectral	
  Absorp%on	
  Coefficients	
  of	
  
Phytoplankton	
  and	
  Non-­‐Phytoplankton	
  Components	
  of	
  

Seawater	
  from	
  in	
  Situ	
  and	
  Remote-­‐Sensing	
  
Measurements	
  	
  



•  Develop	
  a	
  protocol	
  with	
  reduced	
  and	
  quan<fied	
  uncertain<es	
  
for	
  an	
  improved	
  filter-­‐pad	
  approach	
  with	
  center-­‐mounted	
  
samples	
  within	
  an	
  integra<ng	
  sphere	
  (IS).	
  

•  Quan<fy	
  uncertain<es	
  and	
  develop	
  improved	
  protocols	
  for	
  
tradi<onal	
  filter-­‐pad	
  methods:	
  	
  transmiFance	
  T	
  and	
  
transmiFance-­‐reflectance	
  T-­‐R.	
  

  

Objec%ves	
  

q  	
  	
  IOP	
  INVERSION:	
  	
  Develop	
  a	
  retrieval	
  algorithm	
  for	
  
par<<oning	
  the	
  total	
  absorp<on	
  coefficient	
  of	
  seawater	
  into	
  
the	
  contribu<ons	
  of	
  phytoplankton,	
  nonalgal	
  par<cles,	
  and	
  
colored	
  dissolved	
  organic	
  maFer	
  (CDOM)	
  with	
  a	
  key	
  novel	
  
aspect	
  of	
  separa<ng	
  nonalgal	
  par<cles	
  from	
  CDOM.	
   

q  	
  	
  IOP	
  METHODOLOGY:	
  	
  Develop	
  consensus	
  recommenda<ons	
  
for	
  improved	
  methodology	
  for	
  hyperspectral	
  	
  measurements	
  of	
  
par<culate	
  absorp<on	
  coefficient.	
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  Measurement methodology



Determina<ons	
  of	
  pathlength	
  amplifica<on	
  factor	
  (β) for	
  
different	
  configura<ons	
  of	
  filter-­‐pad	
  method	
  



Sample 
Filtra%on	
  volume	
  [	
  mL	
  ] 

Sample	
  descrip%on 
IS T R 

S01 5 – – – 5 5 Seawater,	
  SIO	
  Pier 

S02 3 7 15 23 15 – Red	
  <de	
  formed	
  by	
  Lingulodinium	
  
polyedrum	
  SIO	
  Pier 

S03 9 19 41 – 41 41 Par<cle-­‐laden	
  sea	
  ice,	
  Arc<c	
   

S04 3 9 15 – – – A	
  mixture	
  of	
  four	
  cultures:	
  	
  
Nannochloropsis,	
  Chlorella	
  vulgaris,	
  
Thallasiosira	
  pseudonana,	
  and	
  
Porphyridium 

S05 5 10 17 25 25 25 Seawater,	
  	
  Imperial	
  Beach	
  Pier	
  (IBP) 

S06 9 14.5 – – 14.5 14.5 Seawater,	
  	
  offshore	
  of	
  San	
  Diego 

β-­‐experiments	
  

Unpublished 
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  Par%%oning	
  algorithm



Par<<oning	
  of	
  the	
  Absorp<on	
  Coefficient	
  of	
  Seawater	
  

Total a(λ)  =  aw(λ)  +  aph(λ)  +  ad(λ)  +  ag(λ) 

Total non-water anw(λ)  

adg(λ)  

Pure Seawater Phytoplankton Non-algal Particles CDOM Colored Dissolved 
Organic Matter 





Calculate 
adg(λ) and aph(λ) 

MBS Algorithm 

Stacked-Constraints Algorithm 

Satisfy 
constraints 

#4 - #8 
? 

{xi} = {yj} = 
 {0.01, 0.02, … 1} 

Output: 
Optimal Solution 

 Range of Feasible Solutions 

Yes 

Matrix C Matrix B 

Matrix D 

Bi,j = (xi, yj)  Ci,j = (Si,j, Ai,j)  

Di,j = (adg(λ)i,j, aph(λ)i,j)  

Step 1 

Step 2 

Step 3 

Step 4 

Step 2 

Step 3 

Step 4 

Step 5 

#3 

Matrix A 

Feasible Solutions 

Derive a large 
number of 
speculative 
solutions. 

First identifies all 
feasible solutions, 
then finds 
optimal solution 
and quantifies 
range of feasible 
solutions. 

Inequality 
Constraints 

Step 2 

Step 3 Input: 
anw(λ) 

Calculate 
S and A 



Ac<vi<es	
  in	
  2015	
  

q  	
  	
  IOP	
  METHODOLOGY:	
  
Stramski,	
  D.,	
  R.	
  A.	
  Reynolds,	
  J.	
  Uitz,	
  and	
  G.	
  Zheng,	
  Correc<on	
  for	
  
pathlength	
  amplifica<on	
  in	
  measurements	
  of	
  par<culate	
  
absorp<on	
  coefficient	
  in	
  the	
  visible	
  spectral	
  region	
  with	
  a	
  filter-­‐
pad	
  method,	
  Applied	
  Op/cs.	
  

q  	
  	
  IOP	
  INVERSION:	
  
Zheng,	
  G.,	
  D.	
  Stramski,	
  P.	
  M.	
  DiGiacomo,	
  A	
  model	
  for	
  par<<oning	
  
the	
  light	
  absorp<on	
  coefficient	
  of	
  natural	
  waters	
  into	
  
phytoplankton,	
  non-­‐algal	
  par<culate,	
  and	
  colored	
  dissolved	
  
organic	
  components:	
  A	
  case	
  study	
  for	
  the	
  Chesapeake	
  Bay,	
  Journal	
  
of	
  Geophysical	
  Research	
  –	
  Oceans.	
  


